Introduction
Radiofrequency (RF) ablation is commonly accepted as treatment of atrial fibrillation. Although this treatment carries a low risk of coronary artery spasm (CAS), precautions to treat this rare but serious side effect should be taken to allow for rapid response. In previous reports, CAS occurred in cases of cavotricuspid isthmus linear ablation and left atrium (LA) catheter ablation. 1, 2 The mechanism for provoking CAS may be direct thermal trauma from RF energy applications near the coronary artery, or impairment of the autonomic nerve system.
We here report a case of severe CAS that was repeatedly induced by an LA ablation procedure in a patient with paroxysmal atrial fibrillation (PAF), likely owing to an imbalance in autonomic nerve activity.
Case report
The patient was a 65-year-old man with PAF and atrial flutter. He had no known allergies, no history of smoking, and no family history of sudden death or cardiac disease. Six months before the session, he underwent percutaneous coronary stenting of the distal portion of segment 3 in the right coronary artery after an acute inferior myocardial infarction.
He was admitted to our hospital for RF ablation of symptomatic PAF and atrial flutter. The CHA2DS2-VASc score was 3 owing to hypertension, old myocardial infarction, and his age, and transthoracic echocardiography revealed inferior left ventricular asynergy (the left ventricular ejection fraction was 50%) but no enlarged LA (diameter was 28 mm). Coronary computed tomography angiography revealed no significant stenotic lesions, including the in-stent segment of the right coronary artery. We administered general anesthesia with dexmedetomidine hydrochloride and fentanyl for the procedure. After transseptal access was obtained, the 4 pulmonary veins (PVs) were identified by LA angiography and we began pulmonary vein isolation (PVI) from the left PV using an ablation catheter (FlexAbility Ablation Catheter, St. Jude Medical, Plymouth, MN) under the navigation of the EnSite NavX system (St. Jude Medical, Saint Paul, MN). When we completed left PV encircling and confirmed the residual left superior PV potential using a ring catheter (Optima, St. Jude Medical, Irvine, CA), the heart rate plummeted to 30 beats per minute owing to complete atrioventricular block with ST-segment elevation in II, III, and aVF accompanied by reciprocal ST-segment depression in I and aVL ( Figure 1A ). The patient's blood pressure fell to 60 mm Hg, so we immediately administered an isotonic sodium chloride load, and initiated ventricular pacing to support the heart rate. We manipulated intracardiac echocardiography to confirm pericardial effusion and ruled out cardiac tamponade. We then performed coronary angiography via the right femoral artery to confirm bilateral coronary artery flow, and coronary obstruction owing to severe spasm was observed from segment 2 to segment 4 in the right coronary artery ( Figure 1B) . Also, diffuse coronary slow flow was observed in the left coronary artery ( Figure 1C ). After an intracoronary
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KEYWORDS Atrial fibrillation; Autonomic nervous system; Coronary artery spasm; Pulmonary vein isolation; Radiofrequency ablation (Heart Rhythm Case Reports 2018;4:501-505) injection of nicorandil (1-2 mg), the CAS gradually improved with normalization of the ST segment (Figure 2A-C) . Because the patient recovered sinus rhythm and normal blood pressure, we inserted a ring catheter to the right PV to prepare for right PVI under peripheral intravenous infusion of nicorandil (4 mg/h). However, ST-segment elevation in II, III, and aVF, and complete atrioventricular block with severe hypotension reoccurred ( Figure 3A) . Once again we performed coronary artery angiography to confirm bilateral coronary artery flow, and the reoccurrence of severe CAS was confirmed ( Figure 3B and C) . Under right ventricular pacing, we injected nicorandil (2 mg) into the coronary artery repeatedly in order to terminate the CAS. The injection was successful, but since severe CAS reoccurred even under systemic nicorandil infusion, we determined it was difficult to continue catheter ablation and we aborted the procedure.
CAS did not reoccur during the night under systemic infusion of nicorandil or the day after the procedure. Troponin I increased to 2.45 ng/dL but creatine kinase remained unchanged. We also added a calcium channel blocker to the patient's regimen, but CAS never reoccurred during the 6 months of follow-up. We performed 6-month follow-up coronary angiography and the pharmacologic spasm provocation test after the cessation of vasodilators, but the patient did not experience a reoccurrence of CAS in any of the coronary arteries.
Discussion
RF ablation is an established treatment for atrial fibrillation in terms of efficacy and safety. In the present case, CASconsidered a rare complication during PVI-occurred repeatedly even under systemic infusion of nicorandil. Major possible mechanisms behind the incidence of CAS could be direct thermal damage from RF energy or an imbalance in autonomic nervous system activity.
Several papers have reported that ablation near the coronary artery causes CAS. 3, 4 However, RF energy could not have injured the coronary artery through direct thermal trauma in our patient because there was sufficient space between the left PV and the right coronary artery. Some papers also have reported that an air embolism or thrombosis can cause obstruction of the coronary artery. 5 However, we neither flushed the sheaths nor exchanged catheters before the occurrence of ST-segment elevation, and repeated coronary angiography showed no evidence of either phenomenon; furthermore, intracoronary infusion of nicorandil improved the coronary obstruction, making these unlikely mechanisms for the patient's CAS. Human histologic studies show that the atrium contains epicardial ganglionated plexuses (GP) that consist of different patterns of sympathetic and vagus nerves. Endocardial RF ablation could thus affect the epicardial GP through a thermal injury, which may have caused an imbalance in autonomic nervous system activity through stimulation of the bilateral left atrial GP. 7, 8 Earlier reports also suggest that LA manipulation causes a similar imbalance, which results in CAS. 9 Although contact to the LA and bilateral PVs did not cause CAS before left PVI, similar contact caused CAS repeatedly after the procedure. We reasoned that the imbalance in autonomic nervous system activity caused by left PVI and ring catheter manipulation in the LA is the most likely mechanism for causing CAS in this case.
The present patient suffered from an old myocardial infarction and underwent coronary stenting 6 months prior to the ablation procedure. It is well known that coronary atherosclerosis and implanted drug-eluting stents can lead to CAS owing to endothelial dysfunction. 10 In addition, several previous reports suggest that autonomic nervous system activity can play an important role in provoking CAS. 11, 12 A coronary spasm was not induced by pharmacologic provocation 6 months after the ablation procedure. This result indicated that this patient did not originally have variant angina. Thus, we consider that the imbalance in autonomic nervous system activity caused by the contact of the ring catheter in LA after left GP ablation could be mainly responsible for this phenomenon.
Also of note is that during the patient's ablation procedure we administered dexmedetomidine, an alpha-2 adrenoceptor agonist that possesses sedative, analgesic, and anxiolytic properties. Dexmedetomidine stimulates the central alpha-2 adrenoceptor and suppresses sympathetic nervous system activity, making it a possible contributor to CAS in this case as a result of parasympathetic nerve hyperactivity relative to that of the sympathetic nervous system. 13 
Limitation
We could not directly confirm activity of the cardiac sympathetic/parasympathetic nervous systems during the ablation procedure. Therefore, we cannot completely ensure a cause-and-effect relationship in this case.
Conclusion
We reported a clinical case of severe CAS that occurred repeatedly after left PVI. The intracoronary infusion of nicorandil alleviated CAS, which we believe primarily resulted from an imbalance in autonomic nervous system activity caused by the application of RF energy and catheterization in the LA.
